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EXECUTIVIE SUMMARY
o R
C A

. .
Ve u [

Tho history of human flight began with Montgﬂf;qr i.n 1783 I-‘\;.z'*‘ .
many yoars, the realm of discretionary flight was limi!'te:d to‘:'i}}abr‘tidal !
" apeents and doscents with only the prevailing winds to provide lateral
amovement, Not until the discovery of potroleum and in\;ention of the
interrial combustion engine did lighter-than-air vohicie_s be;:ome
directable (from the Frénch Dirigiblg).
| ii)arly military applica:tions saw the United States and others use
blimps in anti-;submarine 'warfa:re.- Tw‘?-hundred blimps (15 sq{tadrons‘)
compiled an enviable record in Wo:‘ici' War II by escorting over 89, 000
"ghips (over 550, 000 flight hours) in convoy without a single loss to
enemy submarines and in so doing s.et a record operational availability
of 87%.

. Goodyear operated commercial blimps between i911 and 1958 and
carried over 483, 000 passengers on about 179, 000 flights without a
‘single injury or fatality. | |

. :Rigid airship design was princif:ally initiated .anci- exploited by
> Gount F. Von Zeppelin who by 1918 had built a 2,400, 000 cubic foot
airship capabie‘of speeds in excess of 80 miles per hour, 50 ton
(100, 000 pounds) useful lift with th@ea?ab‘ﬂi&v of 'c'fuising at io. 000

feet. Zeppelin built the "Los Angeles" which was sold to the United

¥
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. States in 1921, Grof Zeppelin I saw nine years' service in commeicial

operaiiva without a single fat':tlity. -The Hindenburg, Shenandoah,

!
way refloct

{

Akron and Macon were all lost in ways that could in no
} -

on thc?wdcsign or safety of airship operation, '

&

o What's ncw in airship design? Nothing! No design work has been

L]

. accomplished since 1937, The original design airship is a .Ford Tri-

Motor by comparison to. the advanced technology airship, the SST of

the airship set.

There are four major distinctions among types of airships:

P ,- : o , - -
% : . 1.. Non-Rigid or Blimp --, 80 named after the English

.
~mrs

O : .B-type limp (as opposed to rigid) airship. B-limp became

“blimp. It is a gas tight bap that maintains its shape due to -

" -~ the pressure of the gas.

2. Semi-Rigid -- the same as the blimp with a keel to

S bt i

support the airship in vertical sheer.

]
r \ £ . 5. Rigid -~ this design was originated by Zeppelin and

o MM S i i eyt

. . has a rigid frame, is fabric-covered and contains numerous

gas cells.

" 4, Metdl-clad -- a hybrid, both a pressure and a rigid

framed vehicle. Gas éight aluminum alloy ship and a light

.

structural frame. ' .




Safety considerations restrict the use of hydrogen as the lifting

gas, Helium is uscd in this study even though one can gain 40% in

!

. : . . |

Airships are a11 displacement vehicles, e, théy.displace their

‘gross )ifting capability by using hydrogen,

‘l
Weight in air. maps do rely on some dynamu 1ift (1 2%) in flight.

>
.

Both tcmperaturc and dcnsuty altitude effect the letmv capab111Ly of the

. ‘airship, For example, air at 5,000 feet is only 86% as dense as it is

at sea level and only 74% as dense at 10, 000 feet. A 1% increase in "’

gross lift can be obtained for every five degrees increase in gas

. L4 .

temperature, ! : . "

[0

The '""Macon' and "Akron”'airships were constructed of 7075 ST

—_ aluminum alloy frame which is inferior to today's super alloys and

composites. New materials and redesign of the basic airship could

gain us much as 32% increase in useful lift for the same displacement.
Vast technological jumps have occurred in power plant designs
which feature low fuel consumption, minimum fire hazard and reliable

, cperation. Either diesel or nuclear/electrical drive is available.

‘Power is provided to the driving p'ropellers either by drive shafts and’

- gears or directly by incapsulated electnc motors.

Stresses induced in the frame can be detected with strain gauges

- which, when coupled to a cdmpute';", could direct the power plant to

.
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change thrust and be vectored such that the resultant force would be

.

a relieving load on the frame.
.

The f.utul"e of airships is now! Using a flecet of six-.lO, 000, 000

cubic foot displacement airships in semi-precious caréo'operation
ar ~ oL
on"{S, 500 mile (New York to London) and 2,500 mile (San Francisco

to Honolulu) flights, one'can compare the anticipated cost of operation

of ten cents per ton-mile against the same route serviced by the all

-

cargo configuration 747F at 29 cents per ton-mile,

It is the intent of this study to renew interest in the acrospace

: H T ' Y : .
community for the airship. <. '
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Whoen.mannaed flight is tha subject, one naturally thinka ef the

 ploneer cfforts at Kitty Hawk; this, however, is an overaight.

' i Manner lighter-tholn-ah" flight technology was in a maturing atate :
‘ | - ;
when heavier-than-air flight began, Adrship history, both clvil and )

. i

military, offers iusight into lighter-than-air capabilities and limitations,

b« ! ' . , " . _
‘ The future of aiirships is in question. New technology in materials f

- O ~ and nuclear propulsion rnake airship travel both feasible and ecconomi- |
cally attractive. Maybe once again airships have come of age.
e By presenting some of the options and possibilities (some i

admittedly extreme), it is hoped to stimulate renewed interecst on the |

part of the aerospace communit, particularly the Navy, and in so

doing initiate the first 'step toward a return of the airship,

I | *ABSTAINER -

. _ This study represents the views, conclusion and recommendations of the
- . author and does not nocessarily reflect the official opinion of the Defonse
Systems Managemaent School nor t“he- Departinent of Dofense.
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Contrary to popular helief, the history of h\mmnfuahts haging in

1783, mora than a eentury before the Waeilpht Rrothovs, with the firat
suaces syl passonger=aarrying flight made by a lighter-than«air ship,
Thia fent wau accamplished by the Montgoltior Rrothers in France,

who « natructed a 35-foot paper halloon with a brasiey of charuoal ;

suspended beneath it,  Almost inunediately thevealtop, a Paris phyaiaist |

named Chavles devised a ailk balloen of 1,400 cubic foot eapaoity‘ and ' !

! )
sont it aloft inflated with hydrogen gak,' Not to be ouldone by their

<compatitor, the Montgelfiar Brothers subseguently fashionad a second

balloon whoso basket carriod a rooster, & duck and a sheep. The aafe

[y

landing of these “"passengera" marked the birth of the airship. The
following mwonth, o young Fronch adventurer named deRosier earned
the honor of being the first man to {ly by ballaoning over Paris and

touching dowh intact, Soon thercaftor, in 1788; Blanchard, a French-

"man, and Jeffries, an Amoarican, flew a balloon from the cliffs of

: bovor to C&h‘l“ in a thrcechour journey, Although the attontion of the

| world was now toom'ned on tha phenomonon of flight, significant progress
‘wu disdppointingly slow duf‘ing th'g noxt hundred years. Freo balloon

flight is largoely limitad to vertical mevement, with horizontal progress

L] \ +*
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dictated solely by wind moevement, Many inganious wen experimoented
' ]

with ah*ﬁmp dovelopmient, but thols sueeens was impeded by the laek
of an amu%‘m powar plmu to miuha the balloen divigible, or dh‘wtuhlm
Not upm the di;wawvy af potreloum in Ponnaylvania n;w\ the invention
of ﬂ\c internal combustion engine in the 1890'a did the dightor=than-air
uh\p got the hoaat it neaded‘ Lven befora this tima, hawbver, the
alrahip found some pwwmm\ opplication as observation posta in war-
fare during the Amm‘teﬁn Civil War, and the firat hembing raid in
history was vxecuted by means of an \mm?mwd halloen sent up by
Avatria sgaingt Voenica in 1849, Y'ree halloons were turther utilined

in the I“rmeo-Pruuian War (1870-71) to evacuate pu’wm\el and

.

cany mail during the auige of Paria.l
The firat ainhip powarod by a gasoline encim was also the tim
Nsid lightor-than<air ship constructed; it \wu a 130, 000 cubic foot

sluminum-hullad craft built und tosted in Garmmy in 189" by David

.

lWhixlea discusaing the military use of froe balloons, it is worth.
while to noto that the only succesaful bombing of the United States
oceurred in 1943.44, when the Japanese sont gas-filled balloons aloft
with incohdiaty bomba. These weapons avconded into the jet stream,
remaining thero with the aid of anarodd wafors which componsated

.+ for tharmal affect. Dyifting cant'with the jet stream to the U, 8,, the

bombs were dropped after a preset interval. Eightecn of the 2,000 sent
aloft actually started fires in the Pacific, Northwest but due to caroful
censorship of tha ncwa modia, no”news of those sucnmau reached
Japan and the progrim was cmconod.

+ . “‘ 'Y

W \
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Sahwartu,  Stimultanceusly, a native ef )lvc\ul‘l! realding in Paris,
Alberto Santes«Dument, cempletad the fivet of fourteen nen-rigid
“ehipa powaved by gavoline engines, .'m\d his exploita won ‘wovldu\v!dc
;:omogntt'km. Alag of great impoertance to aarly Mrahip‘ hiatory was
‘ Gount Fevcdinand von Zeppalin, a Nit\h'ed CGorman Avimy c'sm(;ar whese

fivet vigid aveship, the Lé-1, proved the practieability ef' the Zeppelin

‘deaign, Other Germane were of prominence in the davelopment of !

+

early non-rigid airships; Major August von Parsaval constructed

A

approximatoly twenty«eight pressure airships for the German Army,

1

and Groas and Hosenbpeh built five ajrships for the German Navy

»
+

cirva 1913, ‘ ’

Britain's contribution to non-rigid airship history was moager

. during the pre-war yoars, but following the outbreak of hostilities in

1914 England used a floot of over 200 non-rigid ships for anti.-submarine,

anti-mine and coastal patrol duties, France, o the other hand, utilined

non-rigid warships prior to World War I for private use and export, and

coutinued airship production duxing the éonmct: French Naval airships

‘

b . ‘executed over 3, 000 misgions against German foraes, and non-vigid °

- . .

L] 3

~ ghips wero continued in use until 1937, ‘ I .

- m——

Htalian airships were largely of the ‘aemi?- rigid type, with the
| bost known baing the N-type of Goneral Umberto Nobile, In May, }
! C“\ 1926, the "Norge'" (N-1) flow over the North Pole and landed in Alaska,

N . . B
: . . Ay R )
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ltaly's aivahip program ceased soon after, in 1927, Ruaaian airvship
anativity did net aven hapin in envnast vatll 1931, when a nublie fund
was set up for conatrveton and the services of the ltalian, Mobile,

‘wero sequrad, It i b@lla\md that Rusaia had as mnni as m‘tuen non-

Ngid and anml-vigid airships in operatiun at the end of \\'m-ld War L,
The history ef lighter-than-air eraft in thc United Statel began

‘ in 1903 with Gaptun‘ Thomas 8. Baldwin's "Califarnia Arrow", the
firet gractiea! airship in this country, The first governmoent airahi‘p
was a craft purchasod from Bah\win by the Army in 1908, United
States Nawval ‘aivship activity bouan in 1915, but not until 1917 was
sorious attontion devoted to thu"dovolopment‘ at non-rigid ships for

.~ anti-submarine and coaut pltm‘a. During World Ward, Unitod States

“Nav‘y blimips operated {rom seven Atlantic coast air stations from
Ma;cachusctts to Florida. The Unitod States Army also utilized ‘

blimps in Europe d\;ring \Vdrld War I, and continued with the develop-

ment o£ non- rigid and somi- rigid airships until 1937, when it terminateci

" its p:cgram and turnod over ity ncn-rigid ships to the Navy.

4 Duxing the period botw&en World Wars. Unitad States airship o
activity was limited q._lmoqt ‘sxalusively to the operatiox; .o{ comrnercial
and advartising blimps by the '6oédye-b.r Compény,,.eonetruetor of noarly

' overy ma.jor United Statua aiuhip since 1911. I civﬂ employment

. thraugh 1958. the Goodyear buxnp ﬂ.aet accrucd an é:wiable record'

R R SRS '-. o ‘\l( ug,\ INIEC RS 4 .r-‘{ e, “j“ A:l‘\-, !Q'! - ‘.’.“’0\.-’;' ' ,"A‘-‘ e
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theso aivships had earviod over 443, 000 pasnongors on over 178, 000
Ilights wm\m\‘ » aingle passengor {njury or fatality, As the United

Statas cmtm*ad Wmld Wae 11, thae Navy took over thu aoodyear flowt

L

fox c)omhat sorvice, and an incraenaod airahip atrcngﬂ{ \\ma authorized,

& ‘
'y ' During the conflict, the Navy upow\mfl nearly 200 blimpa for
{ '

antl-submarine patrol und fleet cacort; {ifteon airship squadrons flow

a total of 85,900 flights for over 550,000 hours, and cscorted 89, 000

-

~ ohips without the Joss of a single veassel to enemy action, Of these
blimps, 87% were in cperational readiness at all times, thereby

ostablishing & record. availability for military aireraft not equaled

t
' '
M

to date.
. The first transocoanic flight im a non-rigid airship was executed
by United States Navy blimps in 1944, When World War II ended, -
\ 'Unitedl States Naval airship acltivity'wa.ned, only to be resumed upon
the outbreak of t}m Korean conflict in 1950 and again decreased. In
1957, a squadron of non.rigid airships became part of t}xe United
States early warning system at qaja.l and quickly demonstrated the all-
| .A“::.weaf;her -relié.bilitjr, econoxfzx_y'a.nd fe@:hni’é_al' efficie;icy of ait‘éhipg for
) }'su.ch use, " The last of ﬁhe-ﬁni&ed,fs_ta‘tesj N#vy b‘lifnp force was rgtiréd ~
. .in 1961 due to ,a.g'e" and .the Kenne.c;y. admipistratibn's‘dis'belief 1n'_the -
‘need for a Werd;War .H-aiéghip in liri&v-of our'_"‘néw l;o_chnalo@'.'_ 1an;:l.

~ - based radais.? AR ’ e

\'. .

zmraps for Blimbs. " 'r me, 7 .nuy 1961.
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The hiatory of tha rigid airahip' beging in Om‘mnny '\.\'ith Count
t

Zeppelin, who had fow competitors, During “arld War II. %ho \mmmna

standurdized on the Zuppalia type; eighty-cight Zeppoling wore ‘built ""‘,
during this poriod at a production rate of ono avery twi weoks, Thase
rigid airships wero used by the Army and lhe Navy for b‘ombing radds

and North Sea patrol. In an effort to increuse n{ilitaz"y efficiency, the

Zeppelins underwent significant modifications during this period; by

' 1918 they had increasecd to 2,400, 000 cubic feet in size, 80 miles per

hour in speed, 50 tons (100, 000 1bs.) in useful lift, and over 20,000
foot ceillng, ﬁeppelin activity ceasod temporarily with the lcapitulation
of Germany in 1918, The next Z:eppelin built was the "Los Angeles, "

delivered to the United States in 1924, The "Graf Zeppelin, ' complated

- in 1928, saw nine continuous years of successful service., The ‘next

in the Zeppelin series, the hydrogen-inflated "Hindenburg, " was

/

destroyed by fire at Lakehurst, New Jersy, in 1937 with a loss of

t}{irty-six lives (the first recorded passenger fatalities of commercial

airship opera.tion) Although it was originally believed that this disaster
L 'was the reault of static electricity. evidence now suggests that the fire
‘.V resulted fram a bomb planted aboard the craft in an effort to dramatize
"the German people s dissatisfaction with'H$;1er spre‘-war gavernment. 3

Set to détohate six hours af'ter the”ship-"s ’arriyal. the Bomb went off

3A A, Hoehling. "Who Destroyed e Hindenburg?" Newsweek
16 April 1962, See also Waugh, "The Uriorgettable Unforgottcn

Hindenburg“ National Review. 5 Septembor 1970. o

[}
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- Zeppelin design. In-1924, America acquired the "Los Angeles" from .

the German Zeppelin works. This diyigible was used for experimentation

.
L)

prior to the "Hindenbueg's" docking duc to unforesceable delays in(::its

schodula, . The "Hindonburg's' sister ship, again named "Graf Z.oppelin, "
® '

never saw commercinl or military uae due o lhe tense international

situat‘ion upon its completion in 1938; this craft was ddsigned for helium

B
Y

L * ' o
inflation, and the United States, alone possessing the technology and
L} "

hardwasre to produce this gas in the quantitics requir‘cd, refused to

part with it. As the outbreak of World War II é.p.}::roached, the German
government disc;lontinued all lighter-than-air manuft;cture due to |
matariel shortages, afxd the Zeppelin works were among the fir_st

targets bombéd by thq Allied Forces, ' | ,
'. Great Britain's early atter'.npt's to developl rigid a‘irships were not

-

equal to those of the Zeppelin designers, and several airship catastrophes

~ended the activity of rigid airships for military use in 192‘1 and for
.coxm'hercial application in 1931, France also capitalized on German
L4

rigid airship technology when three Zeppelins were turned over to

the French as reparations in 1921; in 1923 one of these ships was lost

TR

with its éntire complement, thus 'exiding rigid airship activity in France

The 'fir's_t.ri'gid airship built '.in thé ﬁzﬁtéd States was. the

“Shenan;lbah_. ' constructed in 1919 and patterned after the German
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- sister ship, the '"Macon,’" was launched in 1933 and was lost at sea

. frame. The "Akron' struck the water during a storr over the Co

‘

-

on {light and mooring problems, and.developed a mcans for hooking
and .eloasing airplar-a n flight (sce whotns), Also in 1924, the
Goodyear Compnny acquired the patents and processes “of tho Gernan .

Zcpp?hn Company and in 1928 began constructing two tigid airs]ups ' r
& .
fo:" the Navy. The "Akron'" was completed in 1931 and crashed two

*

years later in a storm with the loss of seventy-three lives. Her

in 1935.4

The End of the Airship Era

This left the Navy without an operational rigid airship and led to
an e:;tensive investigation into the éafety and practicability of rigid
airships. Pince these studies emdorsved further construction of rigid

"dirigibles, funds were appropriated in 1938. However, due to delays

in selecting size and design, the money reverted to the treasury and |
v |

the rigid airship was never revived (a lesson for the program manager).

LN

o

4"I‘hos ""Macon' lost a vertical fin while participating in fleet
maneuvers with a Known and uncorrected weaknhess in an attaching S

Atlantic due to error in the interpretation of altimeter rcadings and
the extreme turbulence near the storm center. Both incidents ’

demonstrate poor tactical judgement and human error rathcr than :.
inherent limitations of the a.irship.
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on flight and mooring problems, and.developed a means for hooking
an’ .elcasi;:g airplar-a ‘n flight (ccc nhotos). Also in 1924, the
Goodyear C_Jompany acquired the patents and processes:of the German

7epp?hn Company and in 1928 began constructing two i1g1d a1rsh1pe

&
fo:'r the Navy The "Akron' was rompleted in 1931 and crashed two

*

years later in a storm with the loss of seventy-three-lives. Her

sister ship, the ""Macon,'" was launched in 1933 and was lost at sea

-

in 1935,

The End of the Airship Era

This left the Navy without an operational rigid airship and led to

+
.

an extensive investigation into the éafety and practicability of rigid

airships. Since these studies emdorsed further consiruction of rigid -

"dirigibles, funds were appropriated in 1938. However, due to delays

in selecting size and design, the money revertcd to the treasury and
L}

the rigid airship was never revived (a lesson for the program manager).

The '"Macon' lost a vertical fin while participating in flecet
maneuvers with a Known and uncorrected weakness in an attaching
frame. The "Akron' struck the water during a storm over the

LB (T AT ek w4 s S o 2 2 s

Atlantic due to error in the interpretation of altimeter recadings and

the extreme turbulence near the storm center. Both incidents ‘
demonstrate poor tactical judgenzent a.nd human error rather than
inherent limitations of the. airship. :
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CHAPTER II N
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What's New in Design? SR L S
| ; ‘ My
. s “ ;

What's new in the design and construction of airjhips? Almost

anything would be new! No innovative design work has been accomplished

subsequent to 1937, 5 Significant advances have bcen made in heavier«

2 o ]
e g < ETTETT TS

than-air airframe structural design, metallurgy, aerodynamics and

. propulsion systems. The Ford tri-motor is to the SST what the ""Graf

Zeppelin'" would be to the dirigibles which could be constructed with

e e e

today's technology. o

b4 .

For a better understanding of the chapters which follow, a brief

Q summary of lighte‘r-tl.uan.-a'ir aircraft is incluééd here. Attention and

' | gf;udy have been directed princiéally to the rigid airship because of the
size and operational limits of the non-rigid and semi- .rigid‘ dirigibles,

‘»“ ) o - Ligliter-ﬂ)an-air aircraft may be divided into four types: non-rigid,-

: semi-rigid, rigid, and metal-clad. The class .of non-rigid éirshﬁ:s,

- in addition to the balloon, includes the .so-called. "blimp" used by the

. Navy so effcctively in World War . . Itis comprzsed of a gas-tight

fabnc envelope of atreamline shape with control car and power units

. ’ 'Y

L 5McGuire, "Airship Study as Booster Carrierc, " Missiles
: and Rockets, March, 1963, .




supported below and the control surfaces aft. The shape of the

enveiope is maintained by pressure, With syndieiic fabrics, sach
aircraft have a probable maximum practicable usable fpee_d of about
' . [] )
. »300 miles per hour and size of about 1, 500, 000 cubic foot d_isp]accmcnt. ;

- Semi-rigid airships are similar to the non-rigid type described .

At e e it

E | . above except that a structural keel member is adcied to aid in dis-
‘tributing shear and bending loads along the envelope, '

B . Heretofore, ali airships in excess of 1,250, 000 cubic foot

B H " *
L S UNC s A e -

,{ displacement have been of the rigid type, which were originated by

r

the Zeppelin oréaniza'tién and further developed by the Goodyear

ik

Q C Company. It incorporates a rigid framework fabric-covered and

containing a number of gas cells free to change volume with pressure
"changes. Control car, passenger and cargo accommodations, power

i , plants, and control surfaces are attached to the rigid framework.

bozhinds

! : : .
r The metal-clad airship is both a pressure airship and a rigid

airship. The streamline envelope comprises an extremely thin gas- ﬁ

"_ tight aluminum alloy skin, aupported by light frames. As in the non-

' rigid, internal pressure "is requh:ed to maintain the form at high

specd. Cars, power plant and control surfaces are attached in a

mananer similar to the non-rigid. Aside from an unsuccessful attempt

.

in Europe in 1897, only one metal-clad airship has been built, - an

| eminently successful design of 200, 000 cubic foot displacement which
wu enpable of 175 knots cruiae spoed (Gormaa ZMC-2, 1927)

: .
M)

11,
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This study is based throughout on the use of helium as the liffing

gas. Hydrogen weighs only half as much as helium and therefore pro-
‘o
B vides approximately 10% gr. ater gross lift and as much as 40% grcater

0
N, .

— -._.'..-.-(”-.— — e

v

pay lo;ad but it is e:\tremcly imflammelle(contrasted with the inert

X5
natpre of helium). Safety considcrations bar hydrogen from considera-
{ .o
tion in any future airship program. . :

All lighter-than-air aircraft are displacement vehicies deriving i

their lift from their buoyancy., Hence, the weight of‘the airship and

its contents, including the lifting gas itsclf, must be approximately

. equal to the weight of the air displaced by it. For example, in a

i, o e Cmmae e st o ar

hypothetical 10, 000, 000 cubic foot displacement dirigible, the weight
of the air displaced at sea level would be about 765,000 pounds, and - ’
- the weight of the helium used to displace the air about 111, 400 pounds.

. The difference of about 653,600 pounds is then available for structure,

i b A b

power plants, equipment, and useful load, including the fuel. In actual. ‘

practice, gas impuritics and under-inflation to prevent loss of helium {

I O

e

in case of temperature or altitude increase would reduce that to about

600, 000 pounds. '_ e

The above figures are based on sea level standard air conditions.
At 5,000 fect altitude, air is approximately 86% of its sca level density,

while at 10, 000 feet the den‘si'ty drc':pa further to 74%. The displacon'mcnt

-~ and load-carrying capacity of our dirigible is therefore reduced by r

b i i m s e .
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107, 0.00 pounds at 5, 000 fcet and n_bo'ut 200,000 pounds at,10, 000 feat.

It i~ obvious then that, in contrast to 10ng-réngc transport gix:p?'nﬁ"': -
trends, the dirigibie is most efficient al low wliitudes.’ Ccrt‘;;iig pro- T"‘"‘,'
~ cedures may be used {o vary and imérovc the buoyancy relationships.
Ground ?quipmcnt or favorable climatic conditic')nS may i)er;xnit heating
the gas just prior to take-off, resulting in an im':reas‘,e in.effective lift
by 1% per 5° F. .temperature incr;:ment of the lifting gas over the
" -outside air (up to the point of full inflation of the ship),

Generally, small ajrships are operated with the weight exceeding
the buoyancy." A blimp, for exan;pIQ, .can take off "heavy" with. a
very short ground run. In this éasc, the envelope of the airship acts

as an airfoil, and despite its inferior shape for the purpose, the size

-of the envelope causes it to affect a large mass of air so that the

additional weight is sustained at a low forwerd speed. This practice

a
i

is gencrally limited t smaller, non-rigid airships due to the difficulty
of maneuvering larger craft close to the ground. Once a’oft and under-
way, an airship can readily support a substantial overload by means

‘of dynamic lift,

The term "pressure height' is used in airship terminology to

" deaignate the altitude at which the gas cell or cells are ccmpletely .

[J

filled. Normally, the airship is not completely filled with gas prior

t
* L]

e

. . 15 ;z'
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‘o :
to taka«off, As the ship risus, the roduction in baremetrie preasure

permits the helium to expand until, at a certain oVtivude, 1003 dig-

AN -placamaont s achioved; ight at highar altitudas resulls in a Joss of

i \J

gas. Bolow this altitudo tha varying denaity of the air ia‘bamncad by

. .
the varying volume of the gas cells and the buoyanuy remains conatant,

- [

assuming, of course, that the taimperature and prossure of the aiy

3

".and gas remain cqual to each other.

Matarials ' .

! The "'"Macon' and the "Akron" utilized 7075 ST aluminum alloy

e U

B (76, OOO#Im ultimate tcnaiie and 65, OOO”Iin yicld compresaion) in

LY

their girder design. For reasons of inferior strength to weight ratio

at a given corrosion level, this material is no longer widely uaed in

airframe design. Today's supor-alloys of titanium, beryllium, and

even more sophisticated composite materiuls of beryllium/carbon
1 . ‘ epoxies and Boron/aiuminum. would significantly impact the usabla
! R .
o f load factur6 of existing frame designs and permit sweeping design
, ! .

improvements. If, for example, the '"Macon' or "Akron'" had been

made of Boron/aluminum composite. a 32% increase in usable load -

. could have heen realized with no incroase in gross weight.
| H 3 .‘_ . . . N V ¥ -

¢ [} [ '

¢ : . o
- . ‘ 6Boron/a1uminum composites are 50% lighter than 7075 ST in *
. uni-axial loading and 23% lighter in multi-axial loading at the samo

b C strength level, (Materials info courtesy Matorials Division,
e . Naval Air Systems Comma.nd) :




‘ A largo amount of fabrie {8 \\s‘ud tn a divigible, ' The outplde

. » Y. L EY
onvelope for exiating-dosign dlrigilblue 18 & stnglos)ply awton vjuh .3
i ‘Q;‘\ '

which, when deped, weiphs about aix euneea per oqm\{‘a yard and has
a voofficient of drag of about , 0028, By using oxisting }am"teatton ;

) i
tochnology and the polyestar aynthatics or pelymevrined p}astiea

(0. g,y nooprene) and eoating them with toflon, one could achieve a

e e iy ey o Ple-Spp

lighter, more durable envelopa, Ly conservative oaﬁn\atea. this

* tochndqua would result in a' material with three times the life span

(about six years) at ewo-tm‘rda the weight with a 18% rveduation in the *

4 )
J coafiiciont of drag, - N

O | ~ Power Planta ‘ \

For the existing design of dirigible the most important require.

I i ety

~montafor the powor plant are low fuel conaumption at eruising power,

minﬁnum five hasard, and reliability. If the specifi¢ fuel conaumption

¢

39 can be reduced from (40" /hp/he to , 35 by an increase of 0, S‘Ilsy in

-

the engine woight, it will pay for itself in ten hours of flight. Thus,

the diesel engine, despite its additional weight per horsepower, parmits )

' ~+ subptantial increases in payloud, In a modera design, thq ultimate - *x“

. in fuel couc\unpﬁon. the nuclear reactor, could be used to opﬁmnny

v
[

j L 1aset all threo requirements.’ o .
L . * A3

b The reactor would be a small industrial type, ur a unit much like

3

(‘) . the one currently used to power eh‘o' nucloar submarine floet, This
15




'ympulsten syslem vepresents exiating tachnology, The reaetor would

ba o Healowtype uaing envleled uraniwn (‘U-%R) beem'ae of its high

yield-‘to-ﬂaﬂ ratio, ‘Onauthm\aaml-atxuh\mdvechumw-f!\’m kilegrama ‘
(abt&\\vf 3,600 pounds) of U-238 would give the syetom §n (\;ndunnca of \
nu{{‘vly twelva yeara hetween roatecking, ' (FMgures 1 and %l). Shielding ‘

of the reactor and lMyuid loap heat éxehmgur would be by oither Jead or

expended wranium (U-238); the lattor has the advantage of being moxe

dense and would thua deliver the same level of protoction with loss

thickness t)um, load, 8uch ahielding would protect tha craw to a'level
of ﬂv‘e Roontgen Equivalent Mm‘(REM)‘t a dagroo of OXPOSULS proven
safo for an infinite poried, ‘l‘hc‘hut-produc\na process in the reactor
(F&nui'o ) \-vuuld be ducted away E'or;: the core by : eim‘:ulatﬁ:g liquid
;odiua;; oycla wubu 8ide) Lo a heat exchanger with water on the fin side.

" Tho sodium cycle will roduce the oporating prossure to about 200 p. 8. i.

within the core while maintaining 1, 000° ¥, tampcnturultbere and

reducing the thickness (weight) of the prouuré vesscl, The water system

{s the sctual working fluid and is super.heated in the heat exchanger and s :

18 ‘ulowo‘d‘ to expand through aither or both of the primary turbines,

L)
[y

"Nuolear power info courta of Atormnic Energy Oomminiom ‘
U.235 produces ) meuawatt/gnm day using 10% contamination as
veplacemeont critdria and & system thormal cmcienw of 30%. '

L) . .
.
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'+ SODIUM LOOP .

\ . , [ ! ) '
) ‘ 5 ‘ \
‘e
AN REAGTOR INFORMATION '
t SR
‘ :‘( ‘ » ' . R '

. L]

1000° ), ; 200 p. 8. 1.} use sodium to minimixe
sizo/weight of reactor pressure vessol,

REACTOR -

.Fiuion type; fuel-enriched uranium-235 (U-235)

t v ) .
[ ¢ . Y

SHIELDING - ‘ Lo :
Expended uranium-238 (U-238) - denser than
Jead; shielding providés pFotection to a Famma
level of 5 REM (Roentgen Equivalent Man),

{. 6., safe for indofinite exposure., .

WEIGHT .
Reactér. turbines-gencrators, shielding,

-environmental control system, motors and
‘propeliers, governors, and pylon and

ccmtrols ] 180. 000 pounda. ' : S
FINAL DRIVE « S Do
Electrical ~ ‘ :




' Y S1ZING REACTOR { e
) ‘a

+

| - Enriched U-235 | ' _

j ' Assume 12 year life-cycle requirement o ‘.
\ ' Assgune 30% thermal efficiency

| ol ‘ Assume replacerncnt at 10% U-235 contamination
b Given U-235 provides 1 megawatt per gram per day

[
'; ]' - ‘ Power requirement for "super airship' (to be defined later):

' o 20, 000 HP drive; 10,000 HP reserve power

e ' | (30, 000 HP) (746 J2kte. ) = 2,24 % 107

. ‘ | - THP watts

-'(1. 7) (2. 24 x 1_07) =3,8x _J.O7 watts required

(1 x 10 W/D/G) (3.8 x 107) = 38 grams/day

(38 grams/day) (3‘65.) (12) = 166_. 5oo grams

A4 | o L . - 10% contamination factor gives 1 665 K.ILOGRAMS
| U-235 costs $20/gram X | |

Coat of fuél - $33, 000 ,000 or $2 750 000 per yea.r
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each driving 2 15, 000 kilowatt gencrator; this would provide c¢lecirical
power for remote direct electrical drive of the airship and all other i

~power requir ements. The water system necd not be .,}uelded and, i
unhke the equwalent system in a ground nuclcar power] plant the
a‘ ' i

_ waste head" (i.e., the heat from the condc_:nser) would be vented into ,

-

‘the airship by forced convection to heat the helium for improved 1ift

" .and environmental control of living/working quarters.

.

Remote Drives : ' .

In the classical airship, general practice has been to mount

the engines in/nacelles outside the hull .And to drive the propellers

’ .

directly through reduction geariﬁg_. In the “Akron' and "Macon", the

engines were mounted within the hull and drove the propellers by

f 1 - _  means of extension shafts and bevel gear sets. This arrangement
- o reduced drag, increased the accessibility of the engines for adjustment

r . and repair in flight, and facilitated incorporation of a swivel mounting

: w | for the propellers which, combined with: reveuible engines. permitted

e l{ o the thrust to be directod up or down as well as fore and aft. In a new

i ! ) . . B design (the super airahip.. for example). one would use a variable L ‘J
! | . cambre/variably ducted propeller ;o give optimal power at all m'ght | |

) i . . speeds from each of the aight reversible electric moton. Each .
twenty-foot diamo"er proponcr wdhld bc connectod dh-c ..tly toa
"~ lhrouded 3,000 honopowcr mntor, givins a minimum of rnistancc to




POWER REQUIRED FOR SUPER AIRSHIP e e

(cruise of 175 KIAS at sea lavel) R RES

. . : . e g e W)

REYNOLDS NUMBER

Rn = (10, 776) (1560) (185) (1) ' o .

Rn =31 x 10° | | e

COETFICIENT OF DRAG

Cp = +0030 (Horner)

- STAGNATION LOADING .

1

Q= 795 (1857 = 116#/A2

FRONTAL AREA

§ = 9 r? = 7 (185)% = 107,000 Ft

DRAG
D = (116) (107, 000) (. 0030)
| . D Ag 37. ooo,~°£dr‘¢ e

. POWER nmgumﬁn o Co

. v : s Tt e - R
. = et o e L e .
. - L

2500 Hpfmotor

-.‘959°° -
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flow and, with no drive shafts or gear boxes, the lightet t possible
reliability (see Figuses .4, 5 and 76).. Eacf: of the prupeiler mounes
can pivot 90° eith:er side of forward (i.e,, full up or f\rll‘ down), and

“by using reversc thrust/differential thrust a maximum of flexibility

- -and maneuverability is afforded the‘opérator. Engine py}ons are
retractable into the hull to make them accessible for ‘maintenance
-en roui:e to pvercofne a.h inherent weakness in airsl}ips;. St;rain gauges
at key stress points in the frame can relate information to a comput;ar
that w.ill, in turn, swivel one or more of fhe engines or a'djust power’

4

or prop pitch to pr;)vitle' a relieving fe;ult load for' the frame.

This function is .depende'nt on pr;'»p'e’r feedback }oops and independently
gimballed and controllable propellers, and limited by the nced to follow
" ""a desired tract or heading, or hold a desired altitude or speced. This

system will provide relief from the nemesis of earlier dirigibles. i.e..

wind shear or gust loads.

S :-:Gxouné Handlix;j_
fhe-'quesuon of ground' cr;:w; is one with so ma.ny.variables that
.'no estimates can be m';dh as to minimum requ:.trements. German
| grouhd-crem often ;mmberad in the hundreds when all hands at the
Zcp?oﬁn works turned out t‘q’helg land and grect a returnihg ship.
' United States Navy,mechtgical m;thods of mast mooring required less
. than a—vhnn'dred_ men, wlth _ubouﬁ 25% of those being mechanical equipment

hapdlct;q’. ; Itjappuiiri that modorn -fcchp;cal development with increased
L




mccha"nization could reduce to betwecn twenty-five and for‘tjr men,
. . : S

the ground crew requirement for meoring or unmooring an 21i1:§hip _—
e . v

from a mast. Tic requirémcnt for large ground crews is m.a_.in"‘ly k N

. e
SRR

_ caused by hangar operations where the airship must be warped into

the dock in a manner somewhat similar to docking a laréc steamship.

Mechanization in this operation ;].SO could reduce the'hiséorical
manpower requirement,

‘The technology for a two-mgn groﬁndcrew presently exists by
‘virtue of a technique called '"bear trapping,' a methc;d used by heli-
copters landix;g on a p.itchix;g ship; whdreby a cable is lowered from

or pulled to the airship and is then winched in by single or multiple

cables; single or multiple winches.

T In the old airships, purification of helium was periodically

required because air seeped through the gas cell fabric and eventually
fill;ad a certain vo.lux‘ne which otherwise would contain helium. A
helium purification plant was therefore requi:jeﬁ at a hangdr overhaul
base, and portable plants were needed at all terminals.

“ A new design would take advantage of the modern coated or

, rubberized polyesters to produce a light, non-porous, no-leak gas

o bag which when punctured could incorpurate the {eature of being self-

: *
sealing, As an added protection, a hclium generator could be carried

on board, : S

4
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PO"’LR REQUIREMENT FOR SUPER AIRSHIP :
.+ (cruise of 175 KIAS at 10, 000 ft,) :
J ' { 3
f o ..
.4 *REYNOLDS NUMBER - ' S
.‘ Rn = (10, 776) (1) (r) (1)
amb
Rn = (10, 776) (1560) (185) (. 781)
[Note: Based on total length but due to aft
+ section taper best estlmate would be (. 75)
. (total length)] ’
~ ) 8 S
C) ' : ~ Rn=24x10 _ o . . _ ‘
' ' - ' o Note: Aerodynamic info and
. - -« oalculations courtesy
COEFFICIENT OF DRAG . Airframe Division,
N ' - Naval Air Systems ]
Cp = . 0025 (Horner) , ' Command Headquarters
STAGNATION LOADING o
' .7389 2 #,.2
Q = = 305 (185)° = 86.1 /A
FRONTAL AREA L
. » . Y ', . . )
L 8w prts g (185)® = 107,000 Fé2 ,
- DRAG_ ' . -
C\ - - Da(86.1) (107, ooo;( 0025) = zs ooo' of drag
- l’igure 4 '




. ’ 4 ) :
z_‘{_ l
: ' POWER -REQUIRED I o
Thrust - Velocity _ . ' :
325.5 = Bp - : :
(23,000 - 175 . 13, 400 total Hp
325:5 . ’ _ ,
&tg-()-?- = 1,545 Hp/motor .
. Figure 5 .
. ;
" % Co
., 28 .
..(
AC. . .
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Economics .

No definite answer can be given to the query - Is the airship
economically feasible for commercial operations? No"ei'pericnce
} ! .
LI

exis‘f‘;s;’.from which costs can be derived., The lighter-than-air craft

et arem et e ats o e o o -

L3 '. . * 3 4 . (3 )
is guited primarily for long-distance operations in excess, of 2, 500 :
a

miles. Its operation is limited by ﬁractical considerations to r.elatively i

~———_

0
o o s g i AR

low altitudes; hence, its routes should be selected wi_th due consideration

to topographical conditions, This factor, together with its very long

range, makes it particularly suited to over-water operations. Because
. ’ .

»

" of its very large payload, the airship' can operate economically only

R s e S e vy i

ol : C/ ‘when there is a relatiyély large market for service. Because of its

relati;/ely low cruising speed, the airship is handicapped to a greater $

'é;xtent than the high-speed airplane if it encounters continuous head-

S ! ' ; "winds of 30 miles per hour or more. On the other hand, because of
its extremely long range, the airship appears able to operate with '

i
1

i _ regularity, navigating‘around storms and'seleéﬁng its routes to take I o
s

advantégc of favorable wind conditions., Inasmuch as most parts of
l | ' the, airahip are accessible for service in flight, and the engines are P

"operated at moderate power, all of ‘the engines need not be operated

( R ' continuously, 8 ' P .
"{‘ o C"‘, ' 80n her first voyage to South America, throe of the four motors

of the Hindonburg were out at the samo time,  yet the ship maintained
its course, effected repairs and comploted its trip.

.
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CHAPTER I

The Future Is New o " o

In their operations the "Graf Zeppelin' and the "'H‘indeh'bthxrg“
L

" had no airpianc competition over their routes. .In the future, no air-
ship opevation will p.rcs.umably serve a route alone; all .will be operating
betwéen points served by scheduled airlines. The Iongér t.he over-the-
sea routes the greater the advantages of the airship as compared to
the lo'nger time required b); the steamship and the higher costs of the
airplane, In ?he age of the SST (their's, not our's) the pren“xium of
passenger tra.nsport-at:ion is spee:d,( ti:éreby eliminating the dirigible
from competition for the passenger-mile, H.owever. cargo of all
typosh,“especially semi:'ﬁfocious ca"rgo, could be economically carried
in bulk. According to estimates sﬁbmitted by the Goodyear Aircraft
Corporation for a hypothetical operation of an existiné technology
8ix- dirigible {leet, each of 10,000, 000 cubic foot size, it' would be
possible‘ « » operate each ship-tor an average o.£ 48 wecks cach year,
using the remaining four weeks for overhaul, For cargo operation,
bbddyear estimated (using 1937 designs) that each ship would mak; an

.. 'average of 96 roun;l trips per year ona 2, 500.-mile route, and 48

round t'ripa per ygar'on Aa 3, Soo,:;_;ilo route, It'i'l' further estimatod

that as an exclusively cargo operation, approximately 180, 000 pounds

. . . )
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of puyload could be earriad por trips On & yearly basis thia wowld

resuit in 61,290,000 ton'miles por year, at a cost of ten cants pov

"ton-milo, ’ at o rate of 6,120 ton-milea par hour, This s impreasive

+

when comparad to a 747 F (nl1l cargo) capable of cm‘ryfng 100 tone at
) .
a cost of 29,5 conts a ton-mile, 10 ‘a‘t. a rate of 43,000 ton-niiles por

hour. At twalve flight hours/day, this wounld prcvide!a 188,000, 000

‘ton.mile per year load per airplane, or 1,128, 000,000 ton-miles/yoar

for a fleet of six. This ropresonts an increase of 84% over the 1937
design"airship. By the same technigua, it can ba shown that you would
expect only & 57% i‘ncr_eaao‘in ton-mi}e/year over a float of now tech-
nology airships., Total krnns;ﬁox{tation costs reflect a dramatic
difference; for the airship, $6, 129,000, and for the 747, $33, 600,000
in total shipping costs. n

The cost of constructing a 10,000, 000 cubie foot rigid dirigible

with current tachnology has been estimated at $14, 000, 000/ship if at

INormalized to 1969 dollars.
o4 | S T

*11n view of the absence of any commercial nirahip experionco,

" eatimates of current cost are difficult to arrive at or evaluate. The
. lack of such expericnce leaves little basis for either questioning or

endorsing these estimates,

. *
. ]
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loast three ahips ava huallyy helivm for inflation weuld apprenhinate

$188,C00/anip, making h tetul inttial i catiment of about $1), Vanillen,
This compures to $1y.8 million per copy tor a 147, . (

. Limited enly by the lack of imagination, the des gt‘a enginears

A}
A ]

Sasked with the vesponaibility of an advanced technolagy u‘h*sMp wouwld

want to consider but nat be limitad to the folloewing conceptual upplis

" e et — -,

P

et e e ettt e e 0

‘cations. Sufficient information does net aurraently exist to ba more

)

spucitic in gome areda and the resolution of dotaila of deaign and

tactics of application are left to future enginocers as a cht\)hngm

\

Hs\ving aho\m the huonomin fouib!my of \uiua 10, 000, 000 cuhic

kY

C) foot Mnhips (about 160 feot in tlhmoter and 600 feot long) and given

™ . - w'usable hold of 408, 000 cubic foat, what ia likely to be shipped by
“alow air"? Any semi-precious cargo would lond itaclf to this applica.

tion. Cars, for uamp‘h. could be delivervd direct to inland citics

t from the overaeas manufacturer with only two hnidltnu intervals rather

- f ‘ than tho curraent four or six. 12 By eliminuting the additional handling,

i the consumer price can be dnuréaud. and the marketability of apecial
} [ ' \ +

Vo order itoms would incresss as & result of thy more rapid delivery rate

ot th‘lhipl (four to six timos that of surface ships). Mnn. including

1 _
‘ I ‘ B ‘ -parcol post, o anothor cargo that would he oosily eurhd eommont to
' ’ ) [ ' vt

| C ' nL o, rrom mgow. go rall, to dogk, to ship, to dock, to utl.
.’ © to truck, to dealer. Co . '

[ ]
)

vy




vontinent, alty to eity, Welng verted in transil and pleled up and

delivared witheuwt ammah:aa by use of drap lines, winahes, and eontain.

AR v i

ovinod ghipping tachwiguas, ' '

Y ¥

.o R Auto train, a recent and very suesensful experiment in Juxury |
+ rall transpertation, ineludes as part of the ticket price accommudation

for the family ear to provido mobility at the destination paint; in this

\
!

manner one can tour us much as desired without the inordinate eust of

var roptal or the trouble of driving to diatant locations, 1 By applying

airship technology, one could onhance the aute train conoopt by udding
, ,

f » »
transoceanic capability and at lepst fwice the speed.

Al

O ‘ With the large lifting source and l&oraéa_uvity. and an almoat

infinite loiter timo aloft, the &irship would lend itself to a variety of

lorolofore tmpna aible matu rial handling/transportation techniques,

| Equippod wm\ oxiuting urip mining slurry and pumping nquipment.
dirigible could loiter or orbit in the vicinity of a mim or woll. load

large quontities of ore; coal or petroleum (from Alaska for example)

for dh‘e‘ot delivery to the smelting or refining plant, even doing some

b&&pnotorypmcdniu oh route (taking advantage of the reducing

A .

' ‘ tempout\wolmeuhu as it climbs to altitude)s In similax fashion,

' M .
1y N . .
. .
' . .

[ . . " "

“‘l‘wo wooks after introdncmg the survice, the company was
bookod full for threa monthn.
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' loguing opoerations in herotofore impanctrable woodland (v, g., in

3 ]

Siberia or ylaska) would be posrible, owing to the case of transporting
¢

mon and maplerlala into and out of the araea by airship. ‘A‘gain. initial

)
- procogsing of the logs ean bo accomplishiod on site, and priar to

. “ , .
ﬂnq‘i\rtinu the aroa the airship could seed and fertillze the clearcd land

v
N .
. .

for future harvesting, ° '

] [}

In yot another transport application, the movement of a completely

© assombled Saturn V rocket (scale size shown in Figure 7 for comparison

p S SRy

to a "super airship'icould save NASA the o'xpenso of the {inal assembly

' " '
l ~ " building and the platform tractor used to transport the as sembled rocket

b - ' C
L ) to the launch gantry. Yet another example of the airship's ability to

transport large cargo intact is the DC.10 aircraft, :-Curi'éntl;'r. the ="~

wings and tail are made in St. Louis and the {uselage and final assembly
. 'in Long Beach, This division of work, although seemingly illogical,

)
r . actually serves a,very useful purpose, i.e., ufficient utilization of

: oxisting tools and tochnical personnel, This system requires tranépor-

tation of large airframe sections, now shipped singly by rail; they ‘ _

. " éould be shipped more safely and quickly in .quantity by ’airship;,
C o . Forcst fires consume an avirage of 100 acres of woodland every

" fiftasn minutes in the United States. Airships could quicldy deliver
. . ot

‘ 4 ) . |
By

large quantities of dry ¢hemical or water to the ares of the fire. If a g ”

1 ' C! © large gnough supply of water was locally available, the airship could
g [ .

31. .A-. . R e -“":’m. W e
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P : orbit the arca of the fire and continuously pump water through a

sprinkler system fixed to the frame by tapping the nearby water source..

.
* ° -
!

P . -;"' ~
o In.addltmn, the' Agriculture Department could pr:wide a much-

' needed service by developing crop-dustmg au‘ships \vhlch. in a single

-
.

. ' ‘ - day, could eliminate every boll weavil in Mississippi, or spray Florida

. for mosquitoes.

The housing %ndustry could further benefit from éirslxips with

lh : on-site delivery of fa.ctory-preassembleﬂ houses.,

i - , Every new transportation system comes under the scrutinous eye
' ~ ..

(and maybe ear) of the c'cology cult, ‘The airship would fare well, As

O .. -explained earlier, the nuclear povirer plant doesn't produce pollutants,

and even the excess or waste heat from the condehacf"-is .\';sed to aid

lift. The noise level, internal near noise and far field noise, would

not exceed 81 PNdb,. about the noise level in a modern oﬁ‘icc.

A i

Current Military Applications

3

1 - ' The super airship (100, 000, 000 cubic foot displacement with

3

{ . _ . 5,390,000 pounds useful load) or even the 10,000, 000 cubic foot airship

f o o could be a panacea for the military ajrlift com;mnd; whose most recent

effort in the fleld 6! large cargo ti'anuport. the C5-A, has gone awry., | L
With the low direct oporating cost, usable liZe, flexibility and large o
cirgo-carrytng 'capa.hﬂity‘, the airship would'hun all the cargo/ transport

e

. O .. .. capabilitics described in th§ co@rciq'l;_ section and ths proven opnri-v '
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- ! : tional readiness vital to national security. For example, an entire

Army rcgioment, comnplete with suppoii, could be transported f.om

& ] Fort Knox,_, Kentucky, to London; England, in 21.5 hours (once loaded).
1 - i .
: [ Potential Combatant : ' '

e A e
£ Almost every United States missile site and airheld is known and

-

i

) i

r .
‘ P, . ‘

1

|

+

targeted. To ease this tactically clumsy situation, hardened missile

sites (a very expensive operation) were devised to withstand direct

‘ ;' : ‘ - attack, and aircraft carriers and Polaris submarines were introducec.i
: ' to diversify assets and provide {lexibility and mobility for a retaliatory
J o ’ stri}'ce g:apabili'ty. While these w.eapon; syetem's are cu'r\rently feasible,
g O incre;sing complexity of design .a..d' inflating c93t“ use up too much
{ o of our assefs, In thi; age of tactical nuclear weapons, half or more -

N
-
0

of the carrier fleet may not survive the first strike (my own opinion).

" The vulnerability of the carrier was dramatized recently (1971) when

. a CVA was rendered inoperative for 18 manths following the agefiental -

launch of an unarmed five.inch rocket into airéraft parked on the flight

P , deck. The Polaris subu. relying on the concealment of the ocean's

o - | dopthc. are also beeoming increningly vu.lncuble witb 1dvmcu in
} : ’ A 'antt-mbmarino warfare, Assits} or rather the lack of uuu. will ,

L] - . ' "
' e M0ur nowest aircraft cirrier (CVA), the Nimﬁa. is l’“"’“‘w :

at a cost of $l bﬂlum and mu growiag
- 34
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; ‘ o determine the victor of an armed cbnflict. The power thaf deplctes

?
its assets first is doomed to defea_t:. Therefore an inex:pcnmve,_, "t >

n'l

el

effective, ﬂexxble and cxpendable weapons system is needed. 'I‘hp "52‘}}}'

1 . “guper. airship" could meet these requirements (see F{gure 7 for
N - artist's representation and Figure 8 for comparative data).

of \ .

L B B All aircraft are susceptible to attack; the airship, ev_én with

self-sealing bags, would be vulnerable to cruise missiles with larger

. Fuel Air Explosive (FAE) warhead. For this reason, a target as large

and rciatively slow as an airship must be escorted or armed. An

13

armed "super’airship' could truly; achieve the status of the mytﬁological

Hydra. With the addition of an epoxy-coated Neoprene envelope and

15 helium gas bags to the super a.lloy frame and atomic

self-sealing
power plant, an inflight tour to exceed six years could be achieved.

This term 'inflight would lend uncertainty as to exact location and

eliminate long overhaul periods. With the relatively low construction
costs, one creates a no rework aircraft. i.e.,. after the ux-yoar

service tour, the Hreusable’ items arc ccrapped/sold and the bulk of

the airframe i- melted down or destroyed.

. ¥
. . N .

.
.

15, self-scaling bag is ‘constructed by laminating a layer of
polyurcthane into the bag wall and | perneating the deflating bag with a
fixer so as to "swell" the hola ahut (thm same coneept uced in sclf-
ualing fucl ccna). .
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. All resupply would be by Blimp‘ Onboard Delivery (]3:01}) techniques

o .
v M

similar to prescui Cuirier Onboard Delivery (COD) technologywhas hy

' :
. . <
once underway all personnel and supplies are fiown to and from the u

. operationally-ready airship. This technique would permit fullest use

of the 1%_ increase in usable lift created by the dynamic lift of the

airship in flight (an incr'ease ¢f 539, 000 pounds in this case).

With the 175-knot cruise from seca level to 10,000 feet, the airship

" has an area of uncertainty of 120,000 square miles (at a given altitude)

per hour. For purposes of visual acquisition (identification would be .

no problem) and observation, if the tra.'c':king aircraft loses sight of the

+

airship for six minutes, the search area for reacquisition will be

12, 000 square-miles. Visual acuity limits sighting of even so large

an object to 26 miles in clear day conditiqns with black/white contrasts,

and 97 miles from the side or top. 16. Satellite visual -observation plat-

forms are limited by cloud cover, and infrared (near field) could not

discern the airship from storm clouds, | | |
‘.ia\vigation. could be principally; by stellar sighting coupled to | :

Loran and e L@ whc n availal@le with continuous Dopler update to an

inertzal navigation platform. Location could- be so determined to withiu

. - '
1"Seuw::h uncertainty courtesy of the Naval Air Test Center,
Patuxent River, Maryland,
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120 feel of a datum and speed cquld bc,accyrzztcly determined to within -
0.5 knots, This. accuracy is essential foriu‘pdating the \;zc.eapons contrel
. . computer and for 1.'ende’zvri>us with éircraft. The airship, though
equipped \vzth multi. bz;nd radar, will operate pas swel} forcmg the
.‘searcher to be an active pulse generator to detect the position of the
. ' : f_ship. The airship could serve as a.x‘nobilc:platform on w'hi.ch a variety-
" . of offensive w‘eapo%:s c.ould be _"hiddén, " much 151;& the Polaris sub_marine.
.Ea.ch aifship could b<; e;luipped with four rotating cylinderé, each of:
which .could carry 16 Poseidon (MIRV, nuclear warhead) missiles to be
ejected from the airshlp, they would 1gpitc after a safe distance of

free fall (stabilized by franglble fms), pitch up and go ballistic to

o8 |
J " ' target. By using two cylinders linked together, the airship could carry

16 Minutemen III missiles to be launched in the same manner. ' i
| To adequately evaluate the defense needs of the airship, a threat
"must be clearly defined. No thr:aat would be posed by 20mm or 30mm
gun ﬁre. as the helium baga are self-seﬂing and the source would be
- 4n range o£ the same or la.rger guns on the airship. The threat of
aircraft would be covered by the fighter :quadrom sta.tioned abnard | ,-
, the airahip. The fighterc would be complementcd by one squadron ot
= early warning aircraft to fly perimeter patrol and one squadron of

©  attack aircraft to neutralize groumd s_ights. Qperations could be carried

on from a flight deck built 'at;op the airship. Arrestment of the aircraft




.

". the need for active transmission by the airship and could be programmed

-

would be by cable and suepended weights, and launch by taxiing the

aircraft to the {romnt ¥amp aiui rdlling off. Approuches could be

- controlled by lascr designation systems with automatic landing by a

gimballéd laser seeker tracking a narrow beam sourctg in the flight

L

‘deck. Rendezvous with the airship after a mission could bé achieved

-
.

‘by prearranging rendezvous locations and alternate‘s;' thig eliminates

in.to .an inertial platf?.rm/ computer in'the aircraft with stellar backup.

Attacking aircraft would also face a variety of defensive missiles
such as the Phoenix Migsife. For surface sites, an optican;} guided
weapon such as the Condor or cx"u‘ise‘ r;'xissile could be used, and for
subsurface, i.e., submarines, the airship could carry Subroc.

'l’hé only potentially significant threat to the super airship would
be from a cruise-type missile launched fre.n beyond the horizon and
skimming the surface until nearly under the airship, then popping up --

giving minimal time for detection and destruction prior to impact.

Some protection could be accomplished by M-61 type V\ﬂczn cannons

.of 20mm of firing rates of 6, 000 rounds /minute, with each round radar

corrected to the closing target (Vulcan Fa,hnxi. With multiple guns,

a "shower otl_loe.d" might destroy the oncoming missile.
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LONRCLUSIONS_

Manned flight has progresscd considerably sinccjtlie Montgolfier
. _—

. Brothers. In this age of reducing abundance, an efficient and
- - reasonably fast mcans of most transportation is desparately nceded.
The airship could fulfill this need. Today.'s technology of materials

" and nuclear propxﬁsion' make z2irship travel both {feasible and economi-

éally attractive. It is hoped that the potentials of the airship will

soon be exploited. Further, it is the desire of the author to be a

participant in the return of the aixjsl"xip. To that end, this study is

. dedicated. o o )
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S]UUY TITLE:  RETURN T0O MC:H.\‘LR CHAN-AIR TRANSPORTAYION

1

FOR MILITARY AND GIVILIAN APPLICATION

TR R T -\mmmmmnmlmmm&w\wnm
STUD\' PROJLC'V QUESTION:  An endoavor to find alternate econamical and

ccological nccepenblu moans of tmnspertmian of air carge for civillan

)

and military npplicutlém. ,
‘ ) \
» (' .
l e ) .
{ &mwuwkmr-mvawxrmmmwmmwwm L0

STUDY REPORT ABSTRACT: . :

. v ' ‘ )

* The United States acrospace community hal enterod an'era charactarised by
daclining activity, due largely to the 1m.reuing complexity and cost of
~aerospace systems. Induatry and Goveramant are engagod in a leuch {or.

air vehicles that wild carry increuingly lar&qr payloads at reduced cou

and levels of ponution, and that will net require vast e».pamu of land

[y

from which to operate.

- - : tom

. N i
To this end, the dirigible (rigid airship), a vevsatile and ecologically

"'clean! transportation system which offers oxcoptional payload capability,

endurance, range and flight stability may be given rencwed conaideration.
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